Aim: This study aims to determine the effectiveness of crystallization test in screening of oral potentially malignant disorders (PMDs) and oral cancer. Materials and Methods: Thirty patients of oral PMD, 30 patients of oral cancer and 40 normal healthy people were selected. One drop of blood was collected and added to 1 cc of double-distilled water at room temperature to get a final dilution of 6% hemolyzed blood. 0.1-0.2 cc of this blood sample is added to 10 cc of 20% cupric chloride solution and further is subjected to crystallization test. Results: In the normal healthy group, the pattern was typical with an eccentrically placed center of gravity with needles arranged in radiating fashion. Whereas in oral PMD and cancer groups, there was "transverse form" formation. This test had sensitivity and specificity of about 83.33% and 86.84% for PMDs group and 96.30% and 86.84% for oral cancer group respectively. Conclusion: Crystallization test was found to be sensitive, reliable, economical and less-invasive procedure for screening of oral PMDs and oral cancer.
Introduction
Oral cancer remains a significant cause of morbidity and mortality with an unaltered 5-year survival rate. [1] Oral squamous cell carcinoma (OSCC) accounts to about 90% of all oral cancers and is often not diagnosed until advanced. [2] The survival rates can be improved if detected, diagnosed, and treated at an early stage. There has been growing demand in the recent years towards developing new noninvasive tools in the early detection of oral cancer. [1] Most of the OSCCs develop from potentially malignant disorders (PMDs). The term PMD is preferred over precancer as not all of them terminate into malignancy. Instead, there is a series of morphological alterations with some exhibiting greater potential for malignant transformation. They are not only site-specific predictors as they also indicate the risk of future malignancy in clinically normal mucosa reflecting their wide anatomic distribution. Lack of awareness of the signs and symptoms of the PMDs among the general population attributes to the delay in diagnosis. [3, 4] Proper diagnosis and treatment of PMDs would prevent their further malignant transformation.
Although there are many methods available for early detection, the need of the hour is a method that is simple, economical, reliable, less time consuming and less invasive. Pfeiffer in 1938 introduced a new technique for detecting cancer by observing the crystallization pattern of cupric chloride on admixture with blood of cancer patient. [5] According to Kopaczewski (1933) , the different patterns of crystallization produced by organic and inorganic salts on the addition of colloidal solutions were attributed to different rates and amplitudes of molecular movements involved in the process of evaporation. Gruner in 1940 emphasized the role of colloidal proteins in dilute form of blood contributing to different crystallization patterns. [6] Gulati et al. and Kuczkowski et al. performed this test in various head and neck malignancies and concluded its usage in mass screening programs. [7, 8] The present study is an attempt to validate the efficacy of crystallization test in screening of oral PMDs and oral cancer. This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.
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Materials and Methods
The study was carried out in the Department of Oral Pathology and Microbiology. Thirty cases of clinically diagnosed oral PMDs and thirty cases of clinically suspected oral cancer which were further subjected to confirmatory histopathological analysis were present. The cases did not receive any therapy before the study and were free of any systemic disease. Control group included forty healthy subjects matched for age and sex having no obvious oral lesions or systemic disease. Informed consent has been obtained after explaining the procedure. Ethical clearance has been obtained from the institutional review board.
All the individuals of the study were in the age range of 30-75 years. The most common anatomical sites for OSCC were buccal mucosa, vestibule, and tongue.
In the potentially malignant group, leukoplakia (12 cases), followed by oral submucous fibrosis (7 cases), was more common.
Crystallization test
The procedure involved collecting a drop of blood by pricking the ring finger under aseptic conditions. The blood drop was added to 1 cc of double-distilled water, a final dilution of 6% hemolyzed blood was achieved. 0.1-0.2 cc of blood sample was then added to 10 cc of 20% Cupric chloride solution. Immediately, the mixture was poured in the prewarmed Petri dish of 10 cm size.
The Petri dish was placed in BOD incubator (temperature: 28°C-32°C and humidity of 35% to 55%) in an isolated room without any vibratory disturbances for about 18-19 h. Later, the crystallization patterns were carefully observed using magnifying lens against daylight. The presence of transverse form (TF) was considered as positive crystallization test. Further, the number of TFs was counted to correlate with the histological grades of OSCC.
Statistical analysis
Analysis was done using SPSS version 18. Entire values were expressed as percentages and mean ± standard deviation. Correlation between number of TFs and histopathological grades of oral cancer was observed using independent sample t-test. Chi-square test was applied and a P < 0.05 was considered statistically significant.
Results and Observations
The pattern of crystallization with cupric chloride solution alone included thick crystals with needles arranged randomly in a haphazard manner [ Figure 1 ]. Such pattern was called as muddle formation by Sabarth and Williams. [9] The needles exhibited side branching with secondary and tertiary branches.
The pattern of crystallization in the control group was that of an eccentrically placed center of gravity with orderly arranged needles radiating from centre towards periphery [ Figure 2 ].
Among the PMDs and cancer group, there was presence of "transverse bar" or "TF" which consisted of transverse needles with wing-like formation on either or both sides [ Figures 3-8 ]. The needles emerging from the center failed to pierce the TFs. These TFs did not exhibit any secondary or tertiary branching.
Among 30 PMDs, 25 were positive and 5 were negative for crystallization test. Sensitivity and specificity of crystallization test in screening PMDs were calculated. The positive and negative predictive values for oral potentially malignant group were found to be 83.33 and 86.84 respectively [ Table 1 ].
TFs in various clinically diagnosed PMDs are shown in Table 2 .
Crystallization test for three of the oral cancer patients and two of the normal group exhibited irregular or ill-defined patterns and were excluded from statistical analysis.
The OSCC group consisted of 22 (73.3%) females and 8 (26.67%) males. Buccal mucosa (9 cases) was a more common site in oral cancer group [ Table 3 ]. Out of 27 cases of oral cancer, 26 were positive, and 1 was negative. The positive and negative predictive values for oral cancer group were found to be 83.87 and 97.06, respectively [ Table 1 ].
Among the 38 normal cases, 33 were negative, and 5 were positive. Among the clinically suspected oral cancer patients, three were not operated as patients were unwilling. The Broder's grading was done for histologically proven cases of OSCC, among which 14 cases were well differentiated, and 8 were moderately differentiated. The number of TFs was counted and was expressed as TF frequency in both the potentially malignant and oral cancer groups. Expression of TFs was analyzed in PMDs in comparison to normal and OSCC in comparison to normal respectively. The Chi-square test was applied and "P" value was found to be <0.05. This indicates that crystallization test was statistically significant for the detection of oral PMDs and oral cancer [ Table 1 ]. Further within OSCC group, TF frequency was correlated to various histopathological grades of oral cancer [ Table 4 ].
There was no any correlation found between TF frequencies to various grades of oral cancer.
Discussion
Biochemical alterations occurring in malignancy can be detected in the blood as it serves as an excellent medium reflecting alterations in the body during malignancy. [10] A specific method for cancer detection was employed by Pfeiffer (1938) . According to this method, cupric chloride on admixture with the blood of a cancer patient exhibited specific pattern of crystallization. Pfeiffer's crystallization test is based on the principle that colloidal proteins existing in the dilute form of human blood behave as an impurity when mixed with cupric chloride solution and get transformed into an orderly pattern with radiating needle-like crystals. [6] These patterns were found to be distinctive in health and disease by Pfeiffer. In experimental animals, these patterns were found to be specific and characteristic for each disease. [6] These biochemical changes occurring in blood have a molecular basis at grass root level. There are certain forces at the molecular level maintaining the integrity of molecular structure. In case of malignancy, biochemical alterations bring about change in these physical forces involved in maintaining cohesion of molecules in crystalline pattern. This in turn is responsible for the peculiar crystalline pattern forming tendency with chemical substances. It can, therefore, be expected that these physical forces get altered in any kind of malignancy causing disturbance in molecular integrity. [9, 11] In malignancies, it has been noticed that there is increase in the levels of diamines and polyamines in blood which are intermediate products of protein metabolism. [12] These degraded products of protein metabolism might be responsible for the particular precancer and cancer-specific patterns in the crystallization test.
In the present study, crystallization patterns observed were quite similar to the previous studies. Certain variations in patterns mentioned by Sarode et al. like the presence of two or more centers of gravity with wing-like formations were present. In the present study, side branching arising from central radiating needles were differentiated from TFs by closer examination with magnifying lens similar to study by Sarode et al. [13] In the present study, sensitivity and specificity of crystallization test for the oral potentially malignant group were 83.33 and 86.84%, respectively. In fact, this is the first study to evaluate the effectiveness of crystallization test in the group of oral PMDs. Crystallization test carried out on precancerous conditions of female genital tract had a sensitivity of 84.61% in a study by Shaikh et al. [5] Sensitivity and specificity of the test for oral cancer group in the present study were 96.30 and 86.84%, respectively, whereas those obtained by Sarode et al. were, 96 and 96.66% respectively. [13] Sensitivity of the test carried out on oral cancer patients by Gulati et al. and Kuczkowski et al. were 88 and 71.5, respectively whereas in genital cancer carried out by Shaikh et al. was 94.7%. [5, 7, 8] The mean TFs were further correlated with the histopathological grades of oral cancer. No statistically significant correlation was found. This went against the study by Sarode et al. where the correlation was found. Evaluation of this correlation further requires a larger sample performed under aseptic conditions.
In one of the cases, we performed crystallization test pre-and post-treatment and found a reduction in the number of TFs posttreatment. Role of crystallization test in assessing the remission of the lesion can further be analyzed in future studies.
Crystallization test in this study was also carried out on a long-term areca nut chewer, and a smoker without any clinical lesions and TFs were observed [ Figures 9 and 10 ].
This however needs further validation by carrying over larger populations.
In the potentially malignant group, highest number of TFs was observed in leukoplakia and oral submucous fibrosis as they formed the majority of cases. Histopathological features such as epithelial dysplasia are most commonly used indicators for malignant transformation. Other parameters are needed for accurate assessment of malignant transformation apart from histopathological assessment. [14] In this regard, number of TFs in oral PMDs can be considered for risk assessment.
In the present study, 5 patients of oral PMDs group and 1 patient of oral cancer group exhibited false negative. On the other hand, 5 of the normal group people exhibited false-positive result. Further, the irregular or ill-defined patterns observed for few of the study could be due to the technical sensitivity. As this test is purely based on physical phenomenon and is technically highly sensitive, It should be carried out under strict physical conditions to avoid false positives and negatives as shortcomings.
Conclusion
Thus our study concludes crystallization test to be an effective, simple, less invasive, and less time-consuming screening method in detection of oral PMDs and oral cancer. This test can be used at community level in mass screening of high-risk individuals who are more prone to develop potentially malignant and malignant oral lesions. These high-risk individuals should be subjected to more confirmatory tests to evaluate their malignancy potential. However further studies are required on larger samples to validate the effectiveness of crystallization test in screening of oral PMDs and oral cancer.
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